Abstract
Methods and results
We analyzed data from the ARIC Community Surveillance for ADHF conducted for residents aged !55 years in four US communities between 2005-2011. All ADHF cases (n = 5, 391) were adjudicated and weighted to represent those communities (24,932 weighted cases). The association of kidney function (creatinine-based eGFR by the CKD-EPI equation and blood urea nitrogen [BUN] ) during hospitalization with 1-year mortality was assessed using logistic regression. Based on worst and last serum creatinine, there were 82.5% and 70.6% with reduced eGFR (<60 ml/min/1.73m 2 ) and 37.4% and 26.6% with severely reduced eGFR (<30 ml/min/1.73m 2 ), respectively. Lower eGFR (regardless of last or worst eGFR), particularly eGFR <30 ml/min/1.73m 2 , was significantly associated with higher 1-year mortality independently of potential confounders (odds ratio 1.60 
Introduction
Reduced kidney function is a strong predictor of adverse health outcomes in a broad range of populations [1] [2] [3] [4] [5] [6] . Patients with heart failure (HF) are no exception, and various studies have reported that low kidney function is associated with poor prognosis in this population as well [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . However, many of these studies investigate patients with compensated chronic HF [7] [8] [9] [10] [11] [12] [13] [14] [15] and data on patients with acute decompensated HF (ADHF) are relatively limited [16] [17] [18] [19] [20] [21] .
More importantly, those studies with ADHF patients are from a clinical trial with stringent inclusion criteria [16] or from a single hospital [17] [18] [19] . Thus, the prevalence of kidney dysfunction and its prognostic impact among ADHF patients in the community are yet to be investigated. Though a report from a large registry study in the US [20, 21] may more reflect community setting than trials or single center studies, data completeness and lack of validation of ADHF cases remain important challenges [22] . Furthermore, many of above studies explored serum creatinine levels or creatinine clearance but not necessarily the best overall measure of kidney function recommended in clinical guidelines, estimated glomerular filtration rate (eGFR) [23] . Also, contemporary data are warranted since new and more valid equations for estimating GFR are currently available [24, 25] . In above contexts, the aims of this study were to evaluate the prevalence of reduced eGFR assessed by the contemporary creatinine-based CKD-EPI equation [25, 26] and its prognostic impact among patients hospitalized for acute decompensated HF (ADHF) in community hospitals using the community surveillance data from the Atherosclerosis Risk in Communities (ARIC) [27] . We also evaluated whether the impact of kidney dysfunction was consistent across subgroups according to age, sex, and race and contrasted the prognostic impact of eGFR and blood urea nitrogen (BUN), another parameter of kidney function demonstrating strong prognostic value in patients with ADHF [20, 21] .
Methods

Study design and population
Details of the ARIC Community Surveillance Study have been provided elsewhere [27, 28] . Briefly, beginning in 2005, the ARIC Study performed continuous community surveillance of hospitalized ADHF for all residents aged !55 years in four US communities: Forsyth County, North Carolina; Jackson, Mississippi; Minneapolis, Minnesota; and Washington County, Maryland. A stratified random sample of eligible hospitalizations for HF was selected according to the following International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) discharge diagnosis codes in any position: rheumatic heart disease (398.91), hypertensive heart disease with HF (402.01, 402.11, 402.91), hypertensive heart disease and renal failure with congestive HF (404.01, 404.03, 404.11, 404.13, 404.91, 404.93), cor pulmonale (415.0), unspecified chronic pulmonary heart disease (416.9), other primary cardiomyopathies (425.4), HF (428.x), unspecified acute edema of lung (518.4), and dyspnea and respiratory abnormalities (786.0x). The sampling probabilities varied by ICD-9-CM codes (428 and non-428), field center, gender, and race to optimize variance estimates across these groups.
Hospital records of eligible HF cases were abstracted by trained abstractors if there is any evidence of decompensation or new onset of HF symptoms or any mention by a physician that HF was the reason for hospitalization in the medical record. Fully abstracted cases were classified by computer algorithm or two physicians of the ARIC Mortality and Morbidity Classification Committee as definite ADHF, possible ADHF, chronic stable HF, HF unlikely, or unclassifiable based on symptoms, signs from physical examination, laboratory, and imaging, and HF-specific treatment. None of authors had direct access to information that could identify individuals. Disagreements were adjudicated by the Committee chair. For this study, definite and possible cases were considered as ADHF. Between 2005 and 2011, 5,946 ADHF cases were identified out of 15,660 eligible cases. Of these, we excluded cases other than black or white or with missing variables of interest (n = 555), leaving the study sample of 5,391 unweighted cases corresponding to 24,932 cases in those four communities.
Exposures and covariates
All data on exposures and covariates were obtained from detailed abstraction of the medical record. For laboratory measurements, ARIC systematically recorded their worst (e.g., highest value for serum creatinine and BUN and lowest value for hemoglobin and sodium) and last values during hospitalization. As recommended in clinical guidelines [23] , kidney function was primarily evaluated by eGFR, which was calculated using CKD-EPI equation with the worst and last serum creatinine, respectively [25, 26] . We also analyzed BUN, as an alternative kidney dysfunction marker, since its prognostic value has been demonstrated in patients with ADHF [20, 21] . Covariates of interest were age, race, gender, current smoking status, health insurance type (Medicare/Medicaid, private, or others), diabetes, hypertension, history of coronary heart disease, HF type (preserved vs. reduced ejection fraction [< vs. !50%]), history of chronic obstructive pulmonary disease, hemoglobin, and serum sodium.
Mortality outcomes
Mortality status over 1 year after ADHF admission was identified through the linkage to the National Death Index. Although the primary outcome was 1-year mortality, we also assessed in-hospital mortality and 28-day mortality.
Statistical analysis
All analyses were weighted by sampling fractions specific to each of the ARIC communities, accounting for population size, sex, and race. Baseline characteristics were compared across clinical eGFR categories, !60, 45-59, 30-44, 30-15, and <15 ml/min/1.73m 2 or on dialysis [23] . Cumulative survival in every eGFR category was illustrated using Kaplan-Meier estimates. Since two of three follow-up periods in this study were short, we used logistic regression models to quantify the association of kidney function with mortality after accounting for the covariates listed above. We separately adjusted for hemoglobin and sodium, since they can be mediators linking reduced kidney function to poor prognosis. We also tested separate models simultaneously incorporating both kidney parameters of interest, eGFR and BUN. For a fair comparison, BUN was categorized into five groups corresponding to the percentiles based on clinical eGFR categories shown above. As both worst and last eGFR have respective aspects potentially leading to poorer outcomes than the other (i.e., worst may account for deterioration during hospitalization such as acute kidney injury, and last may reflect conditions chronologically closest to outcomes), we basically analyzed them in parallel. We repeated our analysis in demographic subgroups and tested interaction based on likelihood ratio test. We also assessed whether evidence-based HF treatment such as beta-blockers, renin-angiotensin system inhibitors, and diuretics was provided at discharge differently across eGFR categories [29] and, if so, whether treatment status modified the association of kidney function with mortality. For this specific part of analysis, as the length of stay may reflect disease severity and thus may influence indication of HF-specific medications, we restricted to cases that were discharged alive within 28 days. Given that the medications were assessed at discharge, we focused on last eGFR for this analysis. All statistical analyses were conducted with SAS (SAS Institute Inc. Cary, North Carolina).
Results
Of the weighted 24,932 ADHF cases, there were 70.6% and 82.5% cases with reduced eGFR (<60 ml/min/1.73m 2 ) based on last and worst serum creatinine, and 26.6% and 37.4% with severely reduced eGFR (<30 ml/min/1.73m 2 ), respectively (Table 1 and S1 Table) . Those with reduced eGFR were more likely to be women, white, and older and to have hypertension, diabetes, and coronary heart disease compared to those with preserved eGFR. In contrast, those with reduced eGFR were unlikely to be current smoker and have history of chronic obstructive pulmonary disease.
Regardless of whether we used worst or last serum creatinine, patients with severely reduced eGFR <30 ml/min/1.73m 2 demonstrated evidently poor prognosis, with 1 year Kidney dysfunction in ADHF survival close to 50% (Fig 1) . eGFR !60 ml/min/1.73m 2 consistently demonstrated most favorable 1-year prognosis, but its separation with eGFR categories 45-59 (CKD stage 3a) was not evident with last eGFR (Fig 1B) . The associations of eGFR <30 ml/min/1.73m 2 with poor prognosis were significant even after accounting for key potential confounders for both worst and last eGFRs ( Table 2 ). The effect size tended to be larger for short-term mortality (i.e., inhospital and 28-day) compared to 1-year mortality. The results were overall comparable between worst and last eGFRs, although eGFR 30-44 ml/min/1.73m 2 reached significance only with last eGFR for 1-year mortality. The association was qualitatively consistent across demographic subgroups, without any significant interactions (Fig 2) . Further adjustment for prespecified potential mediators, i.e., hemoglobin and sodium, did not alter the association between reduced kidney function and mortality (Table 3) . On the other hand, when BUN was included in the model, eGFR was no longer significantly associated with increased mortality (Table 3 ). In contrast, BUN, regardless of its worst (highest) or last value, was significantly associated with 1-year mortality even after accounting for eGFR as well as other potential confounders (Table 4) .
Finally, we evaluated whether the use of evidence-based HF medications at discharge varies across last eGFR categories among those who were discharged alive within 28 days (unweighted n = 4,765 corresponding to weighted 21,941cases) ( Table 5 ). Patients with reduced eGFR were less likely to receive renin-angiotensin system inhibitors. The use of betablockers and diuretics were largely comparable across eGFR categories except for diuretics in patients with kidney failure (eGFR <15 ml/min/1.73m 2 ). However, the association of low eGFR with mortality risk was consistent even after additionally adjusting for or stratified by the use of HF medications (data not shown).
Discussion
In this study based on the ARIC Community Surveillance, we confirmed that reduced eGFR is prevalent (~70% with last eGFR <60 ml/min/1.73m 2 and~30% with last eGFR <30 ml/min/
1.73m
2 ) in ADHF patients and confers mortality risk, particularly below eGFR <30 ml/min/ 1.73m 2 . This association remained significant after adjustment for potential confounders (e.g., diabetes and hypertension) and mediators (hemoglobin and sodium). Its contribution to poor prognosis tended to be more evident for shorter term (in-hospital or 28-day mortality) than 1-year outcome. Although as previously reported we confirmed that some evidence-based HF medications were less likely to be used among those with reduced eGFR, the relationship between low eGFR and mortality was not necessarily altered even when we accounted for these medications. As previously reported [30] , of note, BUN, another kidney function marker, demonstrated a stronger association with poor prognosis compared to eGFR in ADHF patients.
The prevalence of reduced eGFR including severe stages among ADHF patients was higher in our study than in previous studies using eGFR or creatinine clearance as a marker of kidney function (~75% vs. 26%-64% for eGFR or creatinine clearance <60 and~30% vs. <20% for eGFR <30 ml/min/1.73m 2 ) [7, 10, 20] . There seem to be a few potential reasons behind this observation. Some of the previous studies were clinical trials and excluded those with reduced eGFR (or elevated serum creatinine) [7, 10] . Also, those studies included HF patients controlled in outpatient settings. In this context, it is important that our estimates were even higher than that from a large registry study of HF hospitalizations, ADHERE (64% with eGFR <60 ml/min/1.73m 2 and 8% with <30 ml/min/1.73m
2 ) [20] . ADHERE used serum creatinine at admission of ADHF, and it is possible that their serum creatinine concentrations were diluted as a result of fluid congestion in this population. Also, this registry relied on ICD codes for identifying HF and thus might include some stable chronic HF cases. Moreover, ADHERE obtained data between 2001 and 2004 whereas our study are more contemporary (2005 through 2011), and the prevalence of CKD in the community is estimated to be rising [31] .
As previously reported [30] , we confirmed that BUN is a stronger predictor of mortality than creatinine-based eGFR in ADHF patients. Actually, a recent systematic review reveals that BUN is one of the strongest predictors of poor prognosis in this clinical population [32] . BUN is a well-known marker of kidney function, but recent investigations highlight that BUN also reflects activation of neurohumoral axis, an important pathophysiological pathway in ADHF [33] . Also, BUN is known to reflect decreased kidney perfusion and thus may indicate cardiac low output or the need of extensive diuresis. Nevertheless, in terms of risk prediction among ADHF patients, taken previous and our results together, it seems reasonable to prioritize BUN over creatinine-based eGFR. However, eGFR should still be the first choice for assessing kidney function itself, as recommended in clinical guidelines, for drug dose adjustment and kidney function monitoring over the clinical course [23] .
Given that reduced eGFR is consistently associated with high mortality in various populations [1] [2] [3] [4] [5] [6] , it is not surprising that reduced eGFR confers mortality risk in ADHF patients as well. Potential mechanisms linking kidney dysfunction to mortality risk include volume overload, oxidative stress, inflammation, and uremic toxins [34] . Also, poor control of traditional risk factors such as hypertension in patients with kidney disease is considered as an important contributor [34] . It has been demonstrated that patients with CKD are less likely to receive evidence-based therapy for cardiovascular disease management [29] , and we confirmed this pattern for reninangiotensin system inhibitors in our study. However, the relationship between kidney dysfunction and mortality was consistent even after accounting for the use of HF medications. Nevertheless, close attention to the quality of evidence-based HF management is warranted among HF patients with kidney dysfunction [29] . Also, as aforementioned, clinical trials frequently exclude patients with reduced kidney function [7, 10] and thus investigations of established HF medications specifically in HF patients with reduced kidney function would be needed.
Our study has several limitations. First, serum creatinine data at admission were not specifically abstracted, and thus we could not dissect impact of eGFR at admission and change in eGFR from admission [18, 35] . However, consistent findings regardless of when worst and last eGFRs were used support robustness of our findings. Second, we did not have information on whether the measurement of serum creatinine was standardized in relevant hospitals in the four ARIC communities. Third, we focused on kidney function in this study as we did not have data on albuminuria, a marker of kidney damage and the other key marker do define and stage CKD [23] . Thus, studies taking into account albuminuria in ADHF patients are warranted, particularly since close relationship between albuminuria and incident HF has been reported [36, 37] . Finally, we cannot deny the possibility of residual confounding, as true in any observation studies.
In conclusion, severely reduced kidney function (eGFR <30 ml/min/1. 73m 2 ) is found iñ 30% of ADHF patients in the community and confers mortality risk (1 year mortality risk Adjusted odds ratio of 1-year mortality according to eGFR categories based on last serum creatinine in demographic subgroups. Models adjusted for primary covariates: age, race, gender, health insurance, diabetes, hypertension, smoke, history of coronary heart disease, heart failure type (preserved vs. reduced ejection fraction), and chronic obstructive pulmonary disease.
https://doi.org/10.1371/journal.pone.0181373.g002 ) beyond potential confounders. In terms of mortality prediction, another kidney function parameter, BUN, seems superior to creatinine-based eGFR, probably due to its property reflecting both kidney and non-kidney pathophysiological pathways. These observations suggest that close attention to ADHF patients with kidney dysfunction is warranted.
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